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DECLARATION UNDER RULE 1.131 

I, Michael Fantuzzi, the undersigned, declare as follows: 

All statements made herein are true to the best of my knowledge, or if made upon 
information and belief are believed to be true. I received a Bachelor of Science degree in 
Biochemistry Irom the California State University, Los Angeles, in 2006 and had previously 
attended the University of Southern California School of Pharmacy. I have worked at Soft Gel 
Technologies, Inc. since 1999 where I am currently a Formulation Chemist and Manager of 
Research and Development. 1 am the inventor of the invention disclosed in United States patent 
application 10/674,268 filed on September 29, 2003 entitled Solubilized COQ-10. 

I had previously been made aware of the properties of d-limonene in response to work 
involving the solubility of beeswax. On March 13, 2003, in response to queries from a colleague 
regarding the solubility of COQ-10, 1 suggested the use of d-limonene and suggested that I 
perform some preliminary experiments to investigate the solubility of COQ-10 in d-limonene. 
The results of my preliminary experiments showed that, surprisingly, COQ-10 was soluble in d- 
limonene. Following this initial success, I proceeded with more controlled experiments to 
particularly investigate the solubility of COQ-10 and other compounds in d-limonene. Soft Gel 
Technologies then began to investigate the feasibility of using d-limonene internally. This 
investigation identified that d-limonene was, in fact, already approved by the FDA for internal 
consumption. We then conducted research to determine solubility, optimum ranges, and any 
other co-constituents that may be desirable in a soft-gel capsule. This work is summarized in 

4824-4738-7393U 
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excerpts from my lab notebooks and through various emails with my colleagues submitted with 
this declaration as Appendix. I. Thus, my conception of the invention occurred at least as early as 
March 13, 2003 and was followed by diligent reduction to practice until filing of the utility 
application on September 29, 2003. 

This declaration is made with the knowledge that willful false statements and the like are 
punishable by fine or imprisonment, or both, under 1 8 XJ-S-C § 1 00 1 and may jeopardize the 
validity of the subject patent application or any patent issuing therefrom. 
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RE: Soliibilizing CoQIO PBgB 1 ° f 1 

Michael Fantuzzi - _ _.. 

From: Michael Fantuzzi 

Sent: Friday. March 14, 2003 4:t1 PM 

To; Lee Ikemoto 

Subject: RE: Sotublfeing CoQIO 

The limonene worked - 1 have 40% CoQIO completely solubllzed in 60 grams of Itmcnene and I only had to sllr It. by hand and al 
room temperature, for 2 or 3 minutea. 

Original Message 

From: Lee Ikemoto 

Sent: Thursday, March 13, 2003 8:05 PM 
To: Michael Fantuzzi 
Ce John Utttefield 
Subject: SolublBzIng CoQIO 

Mike. 

We have dona some basic solubility tests in R&D for sofuMizing CoQ1 0. Do you think il is possible to work further 
on this to 3olubllize the CoQIO. I thieve that a co-solvent will have to be used. I think that about 5% m oa is all that 
we can get in solution at present In a straight oil. 

Let me know what you think. 

Lee 



8/22/2005 
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RE: Solubfliang CoQIO 

Michael Fantuzzl 

From: Michael Fantuzzl 
Sent: Friday, March 14, 2003 2:08 PM 
Tot Lee Ikemolo 
Subject: RE: Solubffizlng CoQ-fO 

Mim^hI wquJcJ iry limonene - It works a lot like a solvent as far as beeswax is concerned, seeing as CoO.10 is UpW- 
soluble it might work In the same way. IH try a beaker test when I get a chance, If that doesn't work HI have to give It seme 
thought. 

Original Message 

From: Lee Ikemofca 

Seat: Thursday, March 13, 2003 8:05 PM 
To: Michael Fantuzzi 
Cc: John Utttefidd 
Subject: SolubiRzing CoQIO 

Mike. 

We have done some basic solubility teste In R&D for solubfltzirig CoQ1 0. Do you think It Is possible to work further 
on this to solubillze the CoQIO. I believe that a consolvenl will have to be used. I think that about 5% in oil Is all that 
we can gat In solution at present In a straight oil. 

Let me know what you IWnk. 

Lee 
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Michael Fantuzzi ^ 

From: Michael Fantuzzi 

Sent Wednesday, May 28. 2003 7:1 6 PM 

To; Richard Pasawaler 

Subject; RE: d-limonene 

I Mvouldn't exactly call it a surfactant - they only dispense materia - ihe Limonene Is actually dissolving 

■ — -Original Message 

From: Richard Passwater r 

Sent: Wednesday, May 28, 2003 6:15 PM 

To; Michael Fantuzzi 

Ccz Pallida Kim 

Subject: FW; d-lhnonene 

Thank youf or taking the time to discuss your patent. 



I do not think this situation Wl cause a setback. I like your idea how to handle the sicuation and we double 




It appeais the FDA does not take issue -with d-Kmonene as 



with Jay just to make sine. 



Best regards, 



Ricbsml 
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From: paMclakf Staoft-ffer.com 

rc ^SBSSSSl-ael com . pglrfrtak@soft~gel.cofn. RQNU@SPft-qel.COn'' 

Sent from the Internet 
Jay. 

Hello, hope all is well with you. SGH has an inquiry as to the nutrient d-lirnonene. 

1. Whether d-limonene is acceptable to useindietatysupplemenis. 

2. If so, it is acceptable for each of the following applications: 

i) Use as an excipient in. a dietary supplement 

S) Use as a dietary supplement ingredient on its own 

, please contact me at ext. 139 or by email. 

Urankyau, 

Patricia Kim 

Technical Services Project Coordinator 



8/22/2005 
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Michael Fantuzzi . 

From: Michael Fantuz2l 

Sent; Thursday, July 31 . 2003 2:17 PM 

To: Patricia Kim 

Cc: Richard Passwaler 

Subject: WS coctxls 

An actual CoQl 0 formula vorsus a similar that we currently produce (although it in no way Is the 
only formula. Just a comparison) is 1he first on© that I marie In my lab notes In comparison with 
the 100 rngCoQSoi product that we make. 



CoQSol 100 mg 

Coenzyme Q10 1 04,0900 mg 

Mixed Tocopherols 269.0300 mg 
(372IU/g) 

Rice Bran Oil 176-0200 mg 

Natural Beta Carotene 10.0500 mg 
(20%) 

Yellow Beeswax 20.0000 mg 
680.0000 mg 



CoW-soluble CoQ10 

Coenzyme Q10 1 04.0000 mg 
Mixed Tocopherols 2BS.0300mg 
(372 lU/g) 

D-llmonena 196,0200 mg 
Nat Beta Carotene 1 0.0500 mg 
(20%) 



560.000D mg 



The bee$wax Is not needed in my formula because there Is no powder that needs to 
suspended In the oil matrix - It Is already completely solubiltzed. 

Of course, the dosage-form of the CoQIO solubilized to Umonene can be used with anywhere 
from trace amounts of CoQ10 up to around 50 weight% of the C0Q1 0 dissolved in the Umonene, 
After the CoQIO Is sorubillzed in Ihe Ltmonene, the mixture can be added to and Incorporated In 
any formulation made up of marine lipid concentrates, seed oBc, fat-soluble vitamins and other 
blotoglcals such as enzymes, nutrients, etc. antioxidants, what have you. That is Ihe beauty of It - 
since the CoQIO Is completely solubilized it mixes weH In any fat- or oil-soluble matrix or materials. 
In answer to your question on testing, we did have Q.C. test the very same formulation that I list 
above and the CoQ1 0 came out right where It was supposed to be - there was no change In the 
oxidation state of ihe molecule, which causes tasting problems In regular formulations because the 
CoQ1 0 sometimes get6 reduced and although It Is still present it doesn't show up where they're 
looking for it so they surmise tps not there - no problem with Ihat here. The vitamin E in the formula 
came out very well too - In fact, it showed a high gamma tocopherol fraction which is not always 
picked up so well in testing similar materia) - whether or not the CoQ1 0 had anything to do with thai 
l cannot say. 

The reason that we tried to make a more soluble CoQ1 0 is because of other companies bragging 
about having the best absorbed or most sokibillzed form of CoQIO, which Is mosUy debatable and 
most likely falsa - especially when they claim that its water-soluble and CoQ10 is not water soluble - 
so you can guess from there the validity of what they're saying. As far as trials and experiments - 
they told me that they wanted a soluble CoQIO and the first Ihing that I thought of was Umonene 
because of it's being a monoterpene. like I said in the first paper I gave you, and It worked great. End 
of story. 



8/22/2005 
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Density of Cooking Oil 

The Physics Fac tbook™ 
Edited by Glenn Bert — Written by his students 
An educational, Fair Us e website 



topic index | author ind ex | s pecial index 



Bibliographic Entry 


Result 
(w/surrounding text) 


Standardized 
Result 


Weaet, R.C., etal. CRC Handbook of Chemistry and Physics. 
Boca Raton: CRC Press, 1988-1989: F3. 


[see table 1] 


0.918- 
0.926 g/em s 


Subrahmanyam, M.S.R., etal. Estimation of the Sharma and 
Thermoacoustic Properties of Vegetable OIL Journal of the 
American Oil Chemists Society. 71 (August 1994). 


[see table 2] 


0.913- 
0.919 g/cm 3 


Hodgman, CD. & N.A. Lange. Handbook of Chemistry and 
Physics. Cleveland: Chemical Rubber Co., 1924: 312-313. 


[see table 3] 


0.915- 
0.928 g/cm 1 


Spectrum - Chemical, Safety and Laboratory Products. 
Catalog. Spectrum Quality Products, 1997-1999 


[see table 4] 


0.910 - 
0.920 g/cm 3 



Cooking oil includes the well-known olive, sunflower, and canola oils and the not so well-known coconut, 
soy, and palm oils. Oil is removed from olives by pressing. The oil obtained from the first pressing is called 
virgin oil and Is considered to be the highest quality salad and cooking oil. A second pressing of the olives 
produces oil of lesser quality that must be refined. Sunflower oil, because of its high protein content, is 
considered as semldrying oil and can be used in making paints or other industrial uses. But it is much more . 
popular as a food and is considered by some as desirable as olive oil. It Is also used in cooking, frying, and 
in the manufacture of margarine and shortening. Canola oil, which is was previously called rapeseed oil, 
differs from other vegetable oils because It contains significant quantities of eicosenoic and erucic fatty 
adds, it is used as both an edible oil and as a lubricant for metal surfaces because of high viscosity of 
rapeseed oil. 

Coconut oil come3 from a part of the coconut called the copra, which is mostly made up of highly saturated 
oil. The oil is extracted from the copra by crushing and is used in baking and a variety of prepared foods. Of 
all the edible oils, coconut has the most nonedible uses. It is used in cosmetics, toiletries, and soap 
production. Palm oil is similar to coconut Because of it's highly saturated, it is used to make shortening and 
frying oil. Soy oil, obtained by solvent extraction, is the dominant vegetable oil worldwide. Most of the 
production is consumed as salad oil, cooking oil. and margarine, it is also used in a variety of prepared 
foods such as frozen desserts and coffee whiteners. Just like sunflower ail, it is considered a semldrying oil 
and has a variety of industrial uses. 

The density of the oils varies with each type and temperature. The range is from 0.91 to 0.93 g/cm' between 
the temperatures of 15 °C and 25 °C. Comparing to water, whose density is 1.00 g/ml, cooking oil is less 
dense. 
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Inga Dorfman - 2000 

Table 1 



Oils 


Density (a/cm 5 ) 


Temp CO 


coconut 


0.925 


15 


cotton seed 


0.926 


16 


olive 


0.918 


15 



Table 2 



Temp («C) 


Sunflower 


Rice Bran 


Groundnut 


Coconut 


20 


0.919 


0.918 


0.913 


0.919 



Table 3 



Name 


Specific Gravity 
@15.S *C 


Name 


Specific Gravity 
@15.5"C 


coconut 


0.9259 


peanut (aracnis) 


0.917-0.9209 


corn (maize) 


0.9213-0.9250 


rapeseed 


0.9133-0.9168 


cotton seed 


0.922-0.925 


safflower 


0.9246-0.9280 


olive 


0.9150-0.9160 


sesame 


0.9203-0.9237 


palm 


0.9210-0.9240 


soja beans 


0.924-0.9279 


palm kernel 


0.9119 


sunflower 


0.924-0.9258 



Table 4 



Cotton Seed oil. U.S.P./N.F. 


0.915-0.921 


specific gravity @ 25 °C 




Olive Oil, U.S.P./N.F 


0.910-0.915 


specific gravity @ 25 "C 




Peanut Oil, LLS.P.MF. 





PAGE 27/42 • RCVD AT 1018/2007 4:30:11 PM (Eastern Daylight Time] * SVR:USPTO-EFXRF-5/22 * DNIS:2738300 • CS1D:6123408856 * DURATION (mm-ss):09-12 



10/08/0 7 15:34 FAS 612 340885_6_ 



DORSEY & WHITNEY LLP 



H028 
Page 3 of 3 



specific gravity @ 25 °C 0.912-0.920 



Another quality webpage by 
Glenn Elert 




home | co ntact 

bent | chaos | a worid | facts | physics 
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Self-emulsifying drug delivery systems (SEDDS) of 
coenzyme Q lf > formulation development and bioavailability 

assessment 



T.R. Koxnmuru a l , B. Giixley b , M.A. Khati°, I.K. Reddy 



* School of Pharmacy, Unnxnity of Louisiana at Monroe, 700 IfnWersiry Avenue. Monroe, LA.7J209, USA 
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Abstract 

The goals of our investigations iire to develop and characterise self-emulsifying drug delivery systems (SEDDS) of 
coenzyme Q,„ (CoQ l0 ), using polyglycoiyzcd glyecrides (PGG) as cmuhificrs and lo evaluate their bioavailability in 
dogs. Solubility of CoQ l0 was determined in various oils and surfactants. SEDDS consisted of oil, a surfactant and 
a cosurfactant. Four types of self-emulsifying formulations were prepared using two oils (Myvacet 9-45 and 
Captcx-200), two emulsifiers (Labrafac CM-10 and Labrasol) and a cosurfactant (lauroglycol). In all the formula- 
tions, the level of CoQm was fixed at 5.66% w/w of the vehicle The in vitro sclf-cmulsification properties and droplet 
size analysis of these formulations upon their addition to water under mild agitation conditions were studied. 
Pseudo-ternary phase diagrams were constructed identifying the efficient self-emulsi&cation region. From these 
studies, an opi-irw.ed formulation was selected and its bioavailability was compared with a powder formulation in 
dogs. Medium chain oils and Myvacet 9-45 provided higher solubility than long chain oils. Efficient and bcttcr 
self-eaiulsification processes were observed for the systems containing Labrafac CM-10 than formulations containing 
Labraeol. Addition of a cosurfactant improved the spontaneity of self-emulsification. From these studies, an 
optimized formulation consisting of Myvacet 9-45 (40%), Labrasol (50%) and lauroglycol (10%) was selected for its 
bioavailability assessment A two-fold increase in the bioavailability was observed tor the self-CTtulsifymg system 
compared to a powder formulation. SEDDS have improved the bioavailability of CoQ, 0 significantly. The data 
suggest the potential use of SEDDS to provide an efficient way of improving oral absorption of lipophilic drugs. 
© 2001 Elsevier Science B.V. All rights reserved. 

Keyword*: Self-emulsifying drug delivery systems; SEDDS; Coenzyme Q, n ; Emulsions; Polyglycoiyzcd glyecrides; Bioavailability. 



1. Introduction 



* Corresponding author. 

1 Present address: Euiand America, Inc., Research & Devel- 
opment, 845 Center Drive. Vandalia. OH-45377. USA. 



Approximately 40% of new drug candidates 
have poor water solubility and the oral delivery of 



U378-5173/01/S - see front matter d 2001 Elsevier Science B.V. All rights reserved. 
PII: S0378-5l73(00)006i4-i 
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such drugs is frequently associated with implica- 
tions of low bioavailability, high intra- and inter 
subject variability, and lack of dose proportional- 
ity (Robinson, 1996). To overcome these prob- 
lems, various formulation strategics are reported 
in the literature including the use of surfactants, 
cyclodextrins, nanopartides, solid dispersions, mi- 
cronization, lipids, and permeation enhancers 
(Aungst, 1993; Robinson, 1996). These ap- 
proaches are successful in selected cases. In recent 
years much attention has been focused on lipid- 
based formulations (Huinberstouc and Charman, 
1997) with particular emphasis on self-emulsifying 
drug delivery systems (SEDDS) to improve oral 
bioavailability of lipophilic drugs (Constantinides, 
1985; Pouton, 1997). SEDDS arc isotropic mix- 
tures of an oil, surfactant, cosurfactant and drug. 
They form fine oil-in-watcr emulsions when intro- 
duced into aqueous media under mild agitation. 
The digestive motility of the stomach and intes- 
tine provide the agitation necessary for self-emul- 
sitication in vivo (Shah et al., 1994). Factors 
controlling the in vivo performance of SEDDS 
include their ability to form small droplets of oil 
(<5[i) and the polarity of the oil droplets to 
promote faster drug release into aqueous phase 
(Shah et al.. 1994). The smaller oil droplets 
provide a large interfacial area for pancreatic 
lipase to hydrolyze triglycerides and thereby pro- 
mote the rapid release of the drug and/or forma- 
tion of mixed micelles of the bile salts containing 
the drug (Tarr and Yalkowsky, 1989). The surfac- 
tants used in these formulations are known to 
improve the bioavailability by various mecha- 
nisms including: (a) improved drug dissolution 
(Constantinides, 1985); (b) increased intestinal ep- 
ithelial permeability (Swcnson and Curatolo, 
1992); (c) increased tight junction permeability 
(Lindmork ct al., 1995); and (d) decreased/inhib- 
ited p-glycoprotein drug efflux (Nerurkar et al., 
1996, 1997; Lo et al., 1998; Yu et al., 1999). 
Recently Shah et al. (1994) have reported a three- 
fold increase in the bioavailability of a poorly 
soluble compound when formulated as SEDDS. 
A marketed formulation of cyclosporine (Sandim- 
mune Neoral"), a microemiiJsion preconcentrate 
with self -emulsifying properties, is reported to 
improve oral bioavailability and reduce inter- and 



intra subject variability in cyclosporine pharma- 
cokinetics (Friman and Backman, 1996). A few 
other studies have reported enhancement in the 
bioavailability of poorly soluble drugs when for- 
mulated ns SEDDS (Lin et al., 1991; Charman et 
al., 1992; Klem ct al., 1993; Matuszcwska et al., 
1996; Hauss et ah, 1998). 

Coenzyme Q,„ (CoQ, 0 ) also known as ubride- 
carenone (Fig. 1) is a lipid soluble compound that 
inhabits the inside of the inner mitochondrial 
membrane, where it functions as an integral part 
of electron transport of oxidative phosphorylation 
(Folkers et al., 1986). It is used as an antioxidant 
and also in the treatment of cardiovascular disor- 
ders such as angina pectoris, hypertension, and 
congestive heart failure (Greenberg and Fishrnan, 
1990). CoQ 10 , a yeUow colored crystalline powder 
with a melting point of 48°C, is practically insolu- 
ble in water and poorly absorbed from the gas- 
trointestinal tract. The slow absorption of CoQ )u 
(T^ 5-10 h) from the gastrointestinal tract was 
attributed to its high molecular weight and poor 
water solubility (Greenberg and Fishrnan.. 1990). 
Oil based and powder filled capsule formulations 
are currently available on the market as nutri- 
tional supplements. However, oral bioavailability 
of these formulations differs widely (Kishi et al, 
1984). Recently, we have reported that a simple 
oil -based formulation of CoQ| U did not signifi- 
cantly enhance bioavailability when compared to 
that of powder filled capsule formulation (Kom- 
muru et al, 1999). SEDDS are sought to enhance 
the oral delivery of CoQio- For selecting a suitable 
self-emulsifying vehicle, it is important lo assess: 
(a) the drug solubility in various components; (b) 
the area of self-emulsifying region in the phase 
diagram; and (c) droplet size distribution follow- 




Fig. 1. Structure of coenzyme Q„ 
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ing self-emulsification. The objectives of the 
present study were to develop and characterize 
SEDDS of CoQio "Sing polyglycolyzed glyce- 
rides as surfa.cta.nta and to assess their 
bioavailability in coonhounda. 



2. Materials and methods 

2.7. Materials 

CoQm and triglyceride oils (peanut, soybean 
and corn) were purchased from Spectrum Chem- 
icals (Gardena, CA). Polyglycolyzed glycerides 
(Labrafac CM- 10 CM- 10, Labrasol, Labrafill M 
-1944CS, Plurol olique and Lauroglycol) were 
obtained from Gattefo&se (Wcstwood, NJ). Cap- 
tex-200 was obtained from Abitec Corp. 
(Columbus, OH) and Neobee M-5 was obtained 
from Stepan Co (Maywood, NJ). The internal 
standard CoQ 9 was kindly supplied by Eisai Co. 
(Tokyo, Japan). Sep-Pak silica (100 mg) solid 
phase extraction cartridges were purchased from 
Waters (Milford, MA). All other chemicals and 
solvents were purchased from Fisher Scientific 
(Fair Lawn, NJ). 



Table 1 

Vehicle compositions of various foitnulaiiona of SEDDSs 



Solubility studies 



The solubility of CoQ, 0 m various oils, sur- 
factants and LOSurlaclants was determined. An 
excess of CoQ 10 (approximately 500 mg) was 
placed in 2 mi of the vehicle in screw-capped 
glass vials and the mixture was heated at 60°C 
in a water-bath to facilitate the solubilization 
using a vortex mixer. Mixtures were equilibrated 
at 30 S C for 48 h in a water bath and then 
centrifuged at 2000 g for 10 mia to separate 
the undissolved drug. Aliquots of supernatant 
were diluted with methanol and quantified by 
HPLC. 

2.3. Preparation of SEDDS 

The CoQ, 0 levels in the marketed formula- 
tions such as tablets and capsules vary, from 25 
to 30 mg. A series or self-emulsify ing systems 
were prepared in each of the four formulas 



Formula 1 


Formula 2 


Captex-200 7 


Myvucet 9-45 7 


Labrafac CMlO' 


Labrafac CMiO 7 


Lauroglycol 


Lauroglycol 


Formula 3 


Formula 4 


Capiei-200' 


Myvacei 9-4S 7 


Lubiasol 


Labrasol 


Lauroglycol , 


Lauroglycol 



(Table 1) with varying concentrations of oil 
(30-70%), surfactant (5-30%), and cosurfactant 
(0 25%). In all the formulations, the level of 
CoQ l0 was constant (i.e. 5.66% w/w of the vehi- 
cle). At this level, the fill volume of a size 0 
capsule can represent 30 mg of CoQ 10 . Compo- 
nents of SEDDS (oil, surfactant, cosurfactant 
and drug) were accurately weighed into screw- 
capped glass vials and heated at 60"C in a water 
bath to facilitate the solubilization and vortex 
mixed. The formulations were equilibrated to 
30°C for 24 h and then stored at room tempera- 
ture. 

2.4. Visual observations 

A visual test to assess the selT-emulsiflcalion 
properties reported by Craig et al. (1995) was 
modified and adopted in the present study. For- 
mulation (0.2 ml) was introduced into 300 ml of 
water in a glass beaker at 37°C, and the con- 
tents were mixed gently with a magnetic stir 
bar. The tendency to emulsify spontaneously 
and also the progress of emulsion droplets were 
observed. The tendency to form an emulsion 
was judged as 'good' when droplets spread eas- 
ily in water and formed a fine milky emulsion, 
and it was judged 'bad' when there was poor or 
no emulsion formation with immediate coales- 
cence of oil droplets, especially when stirring 
was stopped. Phase diagrams were constructed 
identifying the good sclf-cmulsifying region. All 
studies were repeated twice, with similar obser- 
vations being made between repeats. 
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2.5. Emulsion droplet size analysis 

Formulation (25 jil) of the was diluted with 
water to 25 ml in a volumetric flask and gently 
mixed by inverting the flask. The droplet size 
distributions of the resultant emulsions were de- 
termined using Malvern Particle Size Analyzer 
(Model No. 2600, 63 mm lens; Malvern, UK). 
The values of mean emulsion droplet diameters 
(MEDD) were compared. 



2.6. Bioavailability studies 

The bioavailability of two formulations of 
CoQio. an optimized self-emulsifying formulation 
(Formulation I) and a powder filled capsule for- 
mulation (Formulation II), were compared in 
dogs (coonhounds). Both the formulations con- 
tained 30 mg of CoQ 10 per capsule. The composi- 
tions of these formulations are given in Table 2. 
The study was an open, randomized, multiple- 
dose, cross over design. Since CoQ 1Q is poorly 
absorbed from the gastrointestinal tract, it was 
necessary to administer multiple doses for a few 
days to raise the plasma concentrations to quan- 
tifiable levels and also to facilitate the compari- 
sons of the formulations. Foul dogs weighing 
approximately 20 kg each received the two formu- 
lations on separate occasions. In the first part of 
the study, blood samples (5 ml) were collected 
from each anima] prior to dosing to determine the 
endogenous CoQ 10 concentration. Two dogs were 
randomly assigned to each of the two groups. 
Each dog in the first group received Formulation 
I and the other group received Formulation n 
twice daily at 0800 and 2000 h for 4 days. On day 
5, following the 0800 h dose, blood samples were 
collected at 1, 2, 3, 4, 6, 8, 10, 12. 24, 48, and 72 



h. The blood samples were collected from the 
cephalic vein into heparinized tubes. Blood sam- 
ples were stored on ioe in the dark until the 
plasma was separated by centrilugation. After 
ceutrifugation, plasma was separated into amber 
colored vials and stored at — 20°C until further 
analysis. Following a 7-day wash out period, the 
two groups were crossed-over to carry out phase 
TT of the study. The dosing and sampling proce- 
dures were identical in both phases. The plasma 
concentration-time profile was corrected for en- 
dogenous levels of CoQ 10 as follows. For each 
animal, the respective endogenous levels of CoQm 
at time 0 h were subtracted from the observed 
CoQu, concentrations at each time point. The 
area under the curve (ATJC) was calculated by 
linear trapezoidal rule from zero to the last 
plasma concentration. The maximum plasma con- 
centration, C miX , and the time of its occurrence, 
T„„, were compiled from the concentration-time 
data. Analysis of variance (ANOVA) and X-tests 
were performed to evaluate the significant differ- 
ences between the two formulations. Values are 
reported as mean ± SD and the data were consid- 
ered statistically significant at p < 0.05. 

2.7. Chromatography 

The LC system consisted of isco-2350 pump, 
lsco-V 4 variable wavelength ultraviolet ab- 
sorbance detector. The chromatographic column 
was a 150 x 3.9 mm Nova-Pak Cl8 (4 um) (Wa- 
ters Corp., Milford, MA) and the guard column 
was a 7.5x4.6 mm Alpha Bond C18 (Alltech, 
San Jose, CA). A mobile phase of meihanol:/i- 
hexane (98:2 v/v) was pumped isocratically at a 
flow rate or 1. 0 ml min -1 . A 100 ul volume was 
injected onto the column and the effluent was 



Table 2 

Composition of the formulations used in bioavailability studies 



Formulation I 


Amount (mg.cap) 


Formulation II 


Amount (mg.cap) 


CoQ,„ 


30.0 


CoQ,„ 


30.0 


Myvscet 9-45 


iRR.n 


Sodium laurel sulphate 


0.3 


Labrafttc CM-IO 


235.0 


Lactose 


269.7 


Lauroglyeol 


47.0 
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monitored at 275 nm while the detector output 
was recorded using Tsco-Chemreseaich (Version 
2.4) Software. 

2.8. Plasma sample analyst* 

Plasma concentrations of CoQio were deter- 
mined according to our method reported earlier 
(Kommuru et al., 1998). Since the solutions of 
CoQm are susceptible to photodegradation, stud- 
ies were conducted under yellow light and all 
containers were wrapped with aluminum foil. 
Frozen plasma samples were thawed in the dark 
just prior to analysis at room temperature. Ex- 
traction* were performed in 115 x 10 mm screw 
top borosilicate glass tubes. To 1 ml of plasma, 50 
ul of internal standard (CoQ 9 , 7.5 mg/ml in hcx- 
ane) was added and vortex mixed. The plasma 
was then deprotcinized with 1 ml of 10% 
trichloroacetic acid. To this sample, 2 ml of hex- 
ane were added, and the contents vortex-mixed 
for 5 min, and centrifuged at 2000 g for 5 min. 
The hexane phase was transferred to a 100 mg 
silica-solid phase extraction cartridge, previously 
activated with 5 ml of hexane and mounted on a 
vacuum manifold system. The extraction was re- 
peated twice and the hexane supernates were col- 
lected on the extraction cartridge. A lotal of 6 ml 
of hexane was passed ihrough the cartridge. The 
cartridge was then dried under vacuum for 2 min 
and elutcd with 0.75 ml of methanol: hexane 
(85:15 v/v) mixture. A 100 pi volume of the cluted 
fraction was injected onto the HPLC column. 



3. Results 



Table 3 

Solubility of coenzyme Qm in various vehicles 



Vehicle 



Composition 



Solubility Of CoQ„, 
(TOS/ml) Mean ± SD 



Oils 

Myvacel 9-45 
Penui oil 
Soyabean oil 
Corn oil 
Capuw-20O 

Neobee M-5 



Surfactants 
Labrasol 



Diacetylaled 
monoglyCcrides of 
C-18 fatty acids 
Triglycerides of 
loog chain faUy 
acids 

Triglycerides of 
long chain fatty 
adds 

Triglycerides of 
long chain fatty 
acids 

Dlesters of 

caprylte/capric 

acid.* on 

propylene-glycol 

Caprylic/capric 

triglycerides 



Saturated 
polyglycolyzed 
CB-C10 glycerides 
(MLB- 14) 
jUbrafac CM10 Saturated 

polyglycolyzed 
CB-Ciu glycerides 
(HLB-10) 
Polyglycolyzed 
glycerides from 
apricot kernel Oil 
(HLB 3-*) 
Propylene glycol 
laurate (HLB-4) 
Polyglyoeryl oleate 
(HLB-6) 



Labrafill 
M-1944CS 



Lauroglycol 
Plural olkjuc 



129.35*85 
80.92 ±4.9 
7:1.91 ±2.9 
85.37 + 7.1 

169.31 ± 11.1 

13 8.22 ±13.4 
32.7 ± 2.6 

35.61 ±3.6 

69. 16 ±6.3 

1 14.10 ± 14.8 
31.73 ±1.4 



3.1. Solubility studies 

The self-emulsifying formulations consisted of 
one or more surfactants and drug dissolved m oil. 
The mixture should be a clear, monophasic liquid 
at ambient temperature, and should have good 
solvent properties to allow presentation of the 
drug in solution. The solubilities of CoQ 10 in 
various surfactants and oils are presented in Table 
3. These components are soluble irj each other 
and form homogenous liquids. Medium chain 



fatty acid glycerides and Myvacet 9-45 provided 
higher solubility than other oils. The oils, Captex- 
200 and Myvacel 9-45 are selected for formula- 
lion development because oils form a distinct core 
in the interior of the surfactant aggregate, result- 
ing in enhanced solubilizing capacity of the oils 
with improved drug loading capabilities of the 
emulsion. It is well established that medium chain 
fatty acids influence the light junctions of the 
epithelial cells (Lindmark et al., 1995) and long 
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chain fatty acids stimulate the lipoprotein synthe- 
sis and subsequent lymphatic Absorption (Char- 
man and Stella, 1991). 

3.2. Excipients selection 

Lipophilic surfactants with hydropnilic- 
lipophilic balance (HLB) < 10 are capable of pro- 
moting some emulsification of the oil, but the 
resulting emulsions are normally too crude (in 
terms of size) to be useful. Hydrophilic surfac- 
tants with HLB > 10 are much superior at this 
providing fine, uniform emulsion droplets which 
are more likely to empty rapidly from the stom- 
ach (Lacy and Emblcton, 1997). Furthermore, the 
large surface area facilitates faster and more com- 
plete absorption. However, m most cases it is the 
right blend of low and high HLB surfactants that 
leads to the formation of a stable microemulsion 
upon exposure to water. Therefore, based on 
these considerations, two high value surfactants 
(Labrafac CM-10 and Labrasol) and one low 
HLB value surfactant (lauroglycol) were selected. 
Among the various low HLB value surfactants, 
lauroglycol provided a higher solubility of CoQ l0 
(Table 3). Accordingly, four formulations (Table 
1) were developed for further characterization. 

3.3. Vwual observations 

SEDDS form fiae oil -water emulsions with 
only gentle agitation, upon their introduction into 
aqueous media. Smce the free energy required to 
form an emulsion is very low, the formation is 
thermodynamics lly spontaneous (Craig et al., 
1995). Surfactants form a layer around the emul- 
sion droplet 1 } and hence reduce the interfacial 
energy, as well as providing a mechanical barrier 
to coalescence. However, the separation of the 
two phases is only delayed in these systems and 
the systems are still considered unstable from a 
thermodynamic standpoint (Craig et al., 1995). 

The visual xest is a measure of an apparent 
spontaneity of emulsion formation- A series of 
SEDDS were prepared and their self-emulsifying 
properties were observed visually. Psetido- ternary 
phase diagrams were constructed to identify the 
self-emulsifying regions and also to establish the 



optimum concentrations of oil, surfactant, and 
cosurfactant. It was reported that the mechanism 
of self-emulsification involved the erosion of a fine 
cloud of small droplets from the surface of large 
droplets, rather than a progressive reduction in 
droplet size (Pouton, 1997). The phase diagrams 
of the systems containing Labrafac CM-10 and 
different oils (Captex-200 and Myvacet 9-45) arc 
shown in Fig. 2. Both medium and long chain oils 
provided almost identical self-emulsifying regions. 
Efficiency of emulsification was good when the 
surfactant concentration was more than 50%. It 
was observed that increasing the concentration of 
the cosurfactant, lauroglycol, within the self-emul- 
sifying region increased the spontaneity of the 
self-emulsification process. When a cosurfactant is 
added to the system, it further lowers the interfa- 
cial tension between the oil and water interface 
and also influences the interfacial film curvature, 
which thereby readily deforms around oil droplets 
(Eccleston, 1992). The phase diagrams of the sys- 
tems containing Labrasol, selected oils (Captex- 
200 and Myvacet 9-45), and lauroglycol are 
shown in Fig. 3. For both the systems, the self- 
emulsifying region was decreased and higher con- 
centrations of Labrasol were required (in 
comparison to systems containing Labrafac CM- 
10) for good self-emulsification. In these two sys- 
tems, the formulations surrounding the good 
self-emulsification region exhibited immediate co- 
alescence of the droplets following the sclf-cmul- 
sification process. Therefore, much higher 
concentrations of Labrasol are required compared 
to Labrafac CM-10 to form a stable mterfadal 
film in order to stabilize the oil droplets. 

3.4. Droplet size amlyais 

The droplet size analysis showed the quality of 
emulsion formed. 

3.4.1. Effect of surfactant concentration 

The effect of the surfactant concentration, in 
various self-emulsifying systems, on the droplet 
size distribution is presented in Figs. 4 and 5. In 
cases of self-emulsifying systems containing 
Labrafac CM-10 and Captex-200 (Fig. 4), increas- 
ing the surfactant concentration (from 30 to 60%) 
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decreased the mean droplet size. A smaller/mini- 
mal droplet size was observed when the surfactant 
concentration was in the range of 60-80%. Simi- 
lar observations were made when the medium 
chain oil (Captex-200) was replaced by the long 
chain oil (Myvacet 9-45). Such a decrease in 
droplet size may be the result of more surfactant 
being available to stabilize the oil- water interface. 
Furthermore, the decrease in the droplet size be- 
havior reflects the formation of a better close 
packed film of the surfactant at the oil-water 
interface, thereby stabilizing the oil droplets (Levy 
and Benita, 1990). 

The self-emulsifying systems containing Labra- 
so) exhibited a very different pattern. In cases of 
the systems containing Captex-200 and Labrasol, 
significant decreases in droplet size were seen with 
increases in the surfactant concentration to 50%, 
after which the droplet size was increased (Fig. 5). 
A few studies have reported similar trends in 
droplet size with increases in surfactant concen- 
tration for various self-em unifying systems (Wak- 
erly et al., 1987; Craig et al., 1995). Visual 
observations indicated that at higher levels of 
surfactant, the spontaneity of the self-emulsifica- 
tion process was increased. This may be due to 
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excess penetration of water into the bulk oil caus- 
ing massive inlcrfacial disruption and ejection of 
droplets into the bulk aqueous phase (Pouton, 

1997) . However, a higher level of surfactant de- 
creases the solubility limit of the drug and may 
subsequently lead to precipitation. A larger mean 
droplet size was observed with the formulations 
containing long chain oil (Myvacet 9-45) com- 
pared to the formulations containing medium 
chain oil (Caplex.-200) (Fig. 5). This might be due 
to the differences in the penetration of long chain 
and short chain oils into the tail region of the 
surfactant and their subsequent influence on the 
curvature of the interfacial film, which is consis- 
tent with the reported findings (Malcohnson et al,, 

1998) . 

3.4J2. Effect of cosiafactant concentration 

The effect of cosurfactant (lauroglycol) concen- 
tration on the droplet size distributions of various 
systems is presented in Table 4. When a cosurfac- 
tant is added (in addition to surfactant) to the 
system, it lowers the interfacial tension, fluidize6 
the hydrocarbon region of the interfacial film, and 
decreases the bending stress of the interface (Ec- 
cleston, 1992). in the case of self-emulsifying sys- 
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Fig. 2. Pseudo-ternary phase diagrams indicating ihe efficient self-emukrification region. (Key: Toe region oreDicieill self-emulsifica- 
tioa is bound by the solid line; and che filled circles represent ute compositions which were evaluated.) 
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Fig. 3. Pseudo-ternary phase diagrams indicating the efficient self-emulsiflcaiion region. (Key: The region of efficient self-emulsifita- 
lioo is bound by the solid line; and the filied circles represent the compositions which were evaluated..') 



terns consisting of Myvacet 9-45, Labrafac CM-10 
and lauroglyeol, a decrease in MEDD was ob- 
served with an increase in cosurfactant concentra- 
tion from 0 to 10%, after which the MEDD was 
slightly increased. Similar observations were made 
when Myvacet 9-45 was replaced with Captex-200 
(Table 4). Gao et al. (1998) have reported similar 
observations with the microeniulsion systems con- 
taining Captex-355, Cremophor-EL, Trascirtol 
and saline, where an increase in cosurfactant con- 
centration increased the droplet size. However, 
larger MEDD was observed with the systems 
containing Labrasol (Table 5). Furthermore, the 
decrease in droplet size was not significant with 
the increase in cosurfactant concentration. In fact, 
the systems containing Captex-200, Labrasol and 
lauroglycol exhibited an increase in MEDD with 
an increase in cosurfactant concentration. These 
observations may indicate instability of the inter- 
facial film provided by the systems containing 
Labrasol. The droplet size analysis indicated that 
the smaller MEDD could be obtained with the 
systems containing Myvacet 9-45, Labrafac CM- 
10 and lauroglycol (5-15%). Based on this infor- 
mation, an optimized formulation was developed 
(Table 2) and Its bioavailability was compared 
with a powder formulation. 



3.5. Bioavailability studies 

The plasma profiles of CoQ 10 in dogs following 
oral administration of powder filled capsules and 
self-emulsifying formulation were compared. The 
powder formulation contained 1% sodium lauryl 
sulfate as a wetting agent. Eased on the in vitro 
self-emulsification properties, the formulation 
containing Myvacet 9-45, Labrasol and laurogly- 
col was selected for bioavailability studies. The 
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Fig. 4. Effect of surfactant (UibrufiiC CM-10) concentration on 
mean emulsion droplet diameter. 
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Tflblr 6 

rhannacoldneric parameters of SEDDS and powder formula- 
tion of CoQ, 0 



Para meter 



SEDDS 
formulation I 
(Mean ± SD) 



Powder 
formulation II 
(Mean±SD) 



AUC 

(g.m)-' h) 
C._(g/mt) 
7"™ (fi/mlJ 



61.29+ 14.1 

1.39 + 0.4 
6.2 ± 1.8 



27.41 + 7.6 

0.61 ±0.13 
5.8 ±LZ 



powder formulation- No significant difference was 
observed between T milX values (p < 0.05). 



4. Discussion 



plasma concentration vs time profiles arc pre- 
sented in Fig. 6 and the pharmacokinetic parame- 
ters are given in Table 6. The absorption of CoQ 10 
from the self-emulsifying formulation resulted in a 
two-fold increase in bioavailability (as indicated 
by AUC and values) compared with the 



Lipid based formulations including sclf-emulsj- 
fying formulations offer the potential for enhanc- 
ing the absorption of poorly soluble and/or 
poorly permeable compounds. In addition to sev- 
eral patents (Hauer ct al., 1994; Lacy and Emble- 
ton, 1997; Cho et al., 1998; Al-Razzak et al., 
1999), there are a few commercial examples of 
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Fig. 5. Plasma profiles of SEDDS and powder formulation in dogs. 
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these formulations, which include cyclosporin, 
ritonavir saquinavir and amprenavir (Roman, 
1999). However, there exist a few limitations asso- 
ciated with these formulations, including stability, 
manufacturing methods, interaction of the fill 
with the gelatin shell, and limited solubility of 
some drugs in lipid solvents (Wilson and Mahony, 
1997). When the product is stored at a lower 
temperature, there may be some precipitation of 
the active ingredient and/or the excipienls. The 
precipitated materials should therefore be dis- 
solved again when wanned to room temperature; 
otherwise the drug will not be presented in a 
solution or as a fine emulsion droplet (Kovacs et 
al., 1996). In our studies, crystallization of CoQ )0 
was observed at lower temperatures (5 S Q. With 
formulations containing higher levels of surfac- 
tant ( > 70%), crystallization occurred even when 
stored at room temperature. Some studies have 
reported the use of solvents such as alcohol, iso- 
propyl alcohol, propylene glycol, and PEG 400- 
600 to a limited extent in the formulation to 
increase the solubility limit of the active compo- 
nent (Hauer ct al., 1994; Cho et al., 1998; Al-Raz- 
zak et al, 1999). m the present investigations, 
dissolution studies for these formulations could 
not be carried out, as CoQ, 0 is practically insolu- 
ble even in the presence of 5% sodium lauxyl 
sulphate in water. 

Surfactants are known to increase the perme- 
ability by disturbing the cell membrane (Swenson 
and Curatolo, 1992). The main rate-limiting bar- 
rier for the drug absorption/diffusion is the single 
layer of intestinal epithelial cells that covers the 
luminal surface of the intestinal wall. In addition, 
the pre-cpithclial, unstirred, aqueous layer pre- 
sents a barrier to hinder the poorly soluble drugs 
from reaching the absorption site (Jackson, 1987; 
Arthursson and Karlsson, 1991). For the majority 
of drugs, absorption occurs via passive transcellu- 
lar transport and the paracellular transport is 
limited due to the tight junctions between the cells 
(Jackson, 1987). Lindmark et al. (1995) have used 
the medium chain fatty acids (e.g. sodium 
caprate) to enhance the absorption of hydrophilic 
drugs by modifying the tight junctions. It was 
reported that the intestinal mucosa is frequently 
subjected lo dietary induced damage (i.e. by bile 



salts, fatty acids and monoglycerides) and that 
mechanisms have evolved for rapid repair (Hum- 
berstonc and Charman, 1997). Surfactant 
monomers are capable of partitioning into the cell 
membrane where they can form polar defects in 
the lipid bilayer. At high surfactant concentra- 
tions in the cell membrane, surfactant-surfactant 
contact occurs, and the membrane can be dis- 
solved into surfactant-membrane mixed micelles 
(Swenson and Curatolo, 1992). In general, surfac- 
tants which are too hydrophobic to be water-solu- 
ble, are poor enhancers, whereas surfactants that 
are very hydrophilic cannot partition into the 
hydrophobic environment of the lipid bilaycr 
(Swenson and Curatolo, 1992). In agreement with 
these observations, Crison and Arnidon (1999) 
have reported a trend in the improvement of the 
bioavailability of nifedipine in dogs using a high 
HLB surfactant (Labrasol, HLB 14) over that of 
a surfactant with a low HLB value (lauroglycol, 
HLB 4), even though both formulations appeared 
to solubilize the drug to the same extent. In this 
study, a five-fold increase in bioavailability with 
Labrasol and a three-fold increase with laurogly- 
col were observed compared to a powder formula- 
tion. However, no general correlation exists 
between the extent of absorption enhancement 
and the HLB value of the surfactant (Miyamoto 
et al., I9S3). 

Incorporation of emulsifiers in the oil-based 
formulation was reported to improve the oral 
absorption of CoQ ]0 (Kommuru et al., 1999). In 
addition, several studies have reported that the 
sclf-emulsifying formulations containing polygly- 
colyzed glycerides have improved the bioavailabil- 
ity of lipophilic compounds (Sheen ct al., 1991; 
Shah et al., 1994, 1996; Crison and Amidon, 
1999). In the present investigations, the superior 
performance of self-emulsifying formulations may 
be attributed to the following factors: (a) larger 
Surface area provided by the fine emulsion 
droplets and subsequent lipolysis and formation 
of mixed micelles; (b) improved diffusion of the 
fine emulsion droplets/mixed micelles across the 
unstirred aqueous layer; (c) increased mucosal 
permeability due to surfactants, and (d) improved 
lymphatic absorption due to the long chain oil, 
Myvacet 9-45. It was reported that the long chain 
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oils promote lipoprotein synthesis and subsequent 
lymphatic absorption (Charman and Stella, 1991). 
Further, CoQ 10 is a. highly lipophilic compound 
and has good solubility ft) tri/di-glyceride oils. 
These factors, therefore, may contribute towards 
absorption via the lymphatic route. Our earlier 
findings are in agreement with the reported Stud- 
ies where no significant differences in bioavailabil- 
ity were observed between the solid dosage form 
and simple oil-based formulations of CoQ, 0 
(Kommuru rt al., 1999). 

In conclusion, the present investigation illus- 
trated the potential use of SEDDS for improving 
the delivery of lipophilic compounds such as 
CoQ, 0 by lie oral route. Following oral adminis- 
tration, SEDDS provided a two-fold increase in 
the bioavailability compared to a powder formu- 
lation. For drugs that arc poorly soluble and/or 
poorly permeable, a significant improvement in 
reproducibility aDd bioavailability might be 
achieved with SEDDS. 
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